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WATER-SUPPLY CHARACTERISTICS OF 

NORTH CAROLINA STREAMS

By G. C. GODDARD, JR.

ABSTRACT

North Carolina has an abundance of surface water. The streams in the State 
discharge 16,300 billion gallons per year, on the average, as compared with the 
present annual use of 343 billion gallons. But because of variations in streamflow, 
the water needed at a particular time and place is not always easily available. 
The continued economic growth of North Carolina depends in part on the 
availability of facts about the surface water resources.

Because of difference in climate and physiographic factors across the State, 
streamflow particularly low flow is subject to large variations with respect 
to time and place. .The average discharge of streams in a large part of the 
State ranges from 1 to 2 cfs per sq mi; in parts of the Tennessee River basin 
the average discharge is as much as 4 cfs per sq mi. The low flows are even 
more variable; the low flows for 7 consecutive days that may occur every 2 
years, on the average, range from less than 0.1 cfs per sq mi to more than 1 cfs 
per sq mi. Data are presented that define the degree to which low flows can be 
augmented by using storage reservoirs.

For most of the analyses presented in this report, streamflow data have been 
adjusted to a common period of time. The report lists the names and locations 
of sites on streams for which data on chemical quality are available in Geological 
Survey and State reports.

INTRODUCTION

PURPOSE AND SCOPE

This report presents the most complete data yet published on the 
water-supply characteristics of North Carolina streams. Previous 
reports have presented similar data for limited geographical areas. 
(See Billingsley and others, 195Y; Fish and others, 195Y.) Low-flow 
and water-supply statistics for all sites in the State where the neces­ 
sary basic observations have been made are presented for the first 
time. Rather complete data are included for continuous-record and 
partial-record gaging stations, and more limited data are included 
for other sites at which one or more observations of base flow are 
available. The data are summarized in tables at the end of this 
report. For the sake of completeness and consistency, data for stations 
in the Neuse and the Yadkin-Pee Dee Eiver basins are given which
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supersede those published by Billingsley and Fish. The discrepancies 
that exist are caused by difference in reference periods and areal extent 
of the analyses.

The areal coverage of this report is as complete as possible with 
the basic data available at the time of computation. The density of 
gaged sites varies somewhat between different regions within the 
State, the coverage being fairly adequate (although not complete) 
in all areas except the coastal counties. In the areas near the coast, 
tidal estuaries, swamps and marshes, numerous drainage canals, saline 
ground water, and the nearly complete absence of fresh-water streams 
present special problems in water supply that cannot be solved by the 
techniques used to collect and analyze data for this report. Investiga­ 
tions fitted specifically to the conditions found there will be necessary 
before the water facts for much of the area in the coastal counties 
can be compiled.

The applicability of data in this report to the design of a water 
resources development project depends on the proximity of the project 
to a gaged site. Although the number of sites included in this re­ 
port is large, there are still many basins or subbasins located too 
far away from gaged streams for reliable extension of data, and ad­ 
ditional observation and study will be required before needed design 
data can be compiled. In addition to furnishing design data, the 
tabulations included in this report provide basic data for extending 
and refining concepts in the field of theoretical hydrology.

The data on flow-duration curves, low-flow frequency, and draft- 
storage frequency presented in this report have been adjusted by 
comparison with the longest records in the State to represent more 
nearly the flow characteristics to be expected over a long period of 
years in the future. Because of this adjustment to a common reference 
period, the observed differences between streams are less likely to be 
due to differences in the periods of record.

Chemical, physical, and sanitary qualities are important factors 
affecting the water-supply potential of streams. Available data and 
discussion of quality characteristics have been presented in other re­ 
ports, however, and are not included in this report.

ACKNOWLEDGMENTS

This report would not have been possible except for the collection 
of basic records by many State and Federal employees through the 
years 1889-1956. Streamflow characteristics were derived from the 
basic records, and the report was prepared through the financial coop­ 
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The report was prepared by the U.S. Geological Survey under 
the supervision of E. B. Rice, district engineer. Mr. Rice and his 
assistant, R. E. Fish, conceived the idea of such a report and, together 
with C. H. Hardison, Geological Survey, cooperated in the planning 
and furnished general supervision and guidance. P. N. Walker, as 
principal assistant to the author, did many of the complex compu­ 
tations.

PHYSICAL AND HYDROLOGIC DESCRIPTION

North Carolina lies between lat 33°50'-36°36' N. and between long 
75°28'-84°18' W., the span of longitude being greater than that of 
any other State east of the Mississippi River. The extreme length 
from east to west is 503 miles; the extreme width from north to 
south is 1ST miles. The total area of the State is 52,712 square miles, 
of which 2,509 square miles are sounds and outer banks (offshore 
islands), and 50,203 square miles are inland areas, including lakes 
and streams. Differences in physical characteristics over the length 
of the State result in several subdivisions which are generally used 
to categorize any description of the State. Fenneman (1946) divides 
the State into two major divisions and three provinces the Coastal 
Plain Province of the Atlantic Plain in the east and the Piedmont 
and Blue Ridge Provinces of the Southern Appalachian Highlands 
in the west. A further subdivision, which is not generally recognized 
in nationwide classifications, but which is important locally, is the 
area in the south-central part of the State commonly known as the 
Sand Hills. This subarea lies along the south border of the State 
in parts of the Coastal Plain and Piedmont. The physiographic di­ 
visions are shown in figure 1.

TOPOGRAPHY AND DRAINAGE

Major streams in the Blue Ridge Province generally flow north­ 
ward or northwestward to join the Tennessee and Ohio Rivers or 
their tributaries in other States. Other streams that have their head­ 
waters in the Blue Ridge Province flow southeastward to the Pied­ 
mont. These rivers and others that start in the western Piedmont flow 
southeastward through the Piedmont and into South Carolina. 
Streams of the Blue Ridge Province and western Piedmont are all 
characterized by steep slopes and excellent drainage. Valleys are 
rather narrow, and tributaries tend to be oriented perpendicular to 
the receiving streams.

The characteristic feature of the topography in the eastern Pied­ 
mont is rolling to steep hills. The rivers here generally flow south­ 
eastward to South Carolina or to the Coastal Plain of North Carolina.

The tributary pattern is more dendritic than that of streams farther
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west. Stream slopes are steep and drainage is good except for a few 
swampy areas which cover small parts of the flood plains.

The Coastal Plain is characterized by moderate to gentle land and 
stream slopes in the west, decreasing to very flat slopes and poor 
drainage in the east. Tributary streams tend to parallel the main 
stems for long distances. Streams meander considerably and have 
broad flood plains, although pronounced oxbows are rare and many 
streams have rather steep banks. Large swampy areas cover many 
of the flood plains throughout the region. Streams generally are 
braided near the coast, with many anabranches and distributaries 
meandering through the swamps. Large areas in the eastern half 
of the Coastal Plain have poorly developed stream patterns. Several 
large areas, known locally as swamps or poccosins, are generally cov­ 
ered by lowland varieties of timber and shrubs, and drainage divides 
are poorly defined or nonexistent. A mantle of sandy soil generally 
overlies limestone in the southern part of the Coastal Plain, and 
Karst topography is found in some localities; limestone sinks (known 
as Carolina Bays) have important influences on topography and 
drainage.

CLIMATE

North Carolina has a mild, humid climate. Regional climatic varia­ 
tions are due to the great distance from east to west and differences 
in elevation.

Precipitation occurs mostly as rain; but in the western part of the 
State, a significant part falls as snow and ice. During 56 years of 
record at Asheville, for example, about 2.9 percent of all precipitation 
fell as snow or sleet. The variations of average annual precipitation 
across the State are shown in figure 2, except that in mountainous areas, 
not all the variations could be shown. Monthly and annual variations 
are shown in table 1 and in figures 4, 5, 6 and 7.

Mean annual temperatures generally decrease from east to west, 
but vary from this pattern at some stations because of proximity to 
the coast or differences in elevation. Temperatures, of course, vary 
seasonally from the winter minimums, usually in February, to the 
summer maximums, usually in July. The minimum temperature re­ 
corded in the State was   23° F at Mount Mitchell, and the maximum 
was 109° F at Albemarle and Weldon (A. V. Hardy, State clima- 
tologist, U.S. Weather Bureau, oral communication, 1961). Growing 
seasons are about 140 days in the mountain valleys in the vicinity of 
Banner Elk and about 240 days at New Bern. Average monthly and 
annual temperatures and maximum and minimum monthly and annual 
temperatures are listed in table 2 for 19 weather stations in the State.

Variations in weather and climate as they affect streamflow are 
discussed in the section on "Variations in Streamflow."
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OCCURRENCE AND QUALITY OF WATER 

THE HYDROLOGIC CYCLE

The water we use, whether it is from surface or ground-water 
sources, has its origin in precipitation. In the natural sequence 
of events, the water that is evaporated from the ocean by the energy 
of the sun is carried inland as vapor, and some falls on the land as 
rain, snow, sleet, or hail. Some of the precipitation is returned to 
the atmosphere by evaporation and transpiration, and the remainder 
percolates into the soil or flows overland and down the channels of 
surface streams. Much of the water that enters the soil is evaporated 
or transpired, but the remainder moves downward to the water 
table and enters the zone of saturation. Some of this water goes into 
permanent ground-water storage, but much of it moves laterally 
toward streams, maintaining the fair-weather flow. The water that 
moves beneath or upon the land surface eventually reaches the sea 
where it is again evaporated.

Total quantities of water involved in the hydrologic cycle during 
an average year in North Carolina are indicated in figure 3. The 
quantities listed are average values for the period 1896-1955 and do 
not include streamflow entering North Carolina from other States. 
The only large streams flowing into North Carolina are the Eoanoke 
and Chowan Elvers. (The headwaters of several other streams are 
located in other States, but the quantities of flow entering North Caro­ 
lina are not significant compared with the total quantities being 
considered here.) The average runoff from the parts of the Koanoke 
and Chowan Kiver basins that lie in Virginia amount to about 2,300 
billion gallons per year. This figure, added to the 14,000 billion 
gallons originating in North Carolina, amounts to a total of about 
16,300 billion gallons of water per year (or 44,600 mgd) which is 
available for use in North Carolina and adjacent States. This quan­ 
tity far exceeds present usage, and there is no foreseeable overall 
shortage of water in North Carolina as long as pollution is controlled 
to maintain the water in usable quality.

SOURCES OF WATER,

The quantity of water available in a particular locality is an impor­ 
tant factor in the economic growth of the locality. Quality of water 
is also important. Polluted or highly mineralized water has limited 
value (except for certain uses such as cooling) unless it can be ade­ 
quately and economically treated to be made fit for a desired use. 
Sources from which water of desirable quality is available will be 
used in preference to less desirable sources. The selection of a source
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for a proposed water supply involves a balance between economic 
factors related to quantity and those related to quality. Relative 
costs of pipelines, pumping, reservoir development or well drilling, and 
maintenance are often considered in relation to relative costs of 
treatment in the final selection of one of several possible sources.

For these reasons, data on quality of water, as well as quantity, 
are needed as a guide to the best use of the water resources of the 
State. Considerable data are available on chemical constituents, 
biological quality, and suspended sediments. These data are available 
in State and Federal reports, the most important of which are listed 
in the "Selected References." The sites at which records of the 
chemical quality of surface water have been collected are indicated 
in table 5, but the records are not included in this report and the 
quality characteristics are not discussed.

Present sources and uses of water. According to a recent estimate 
(MacKichan, 1962), 343 billion gallons of water per year is used from 
all sources in North Carolina for agricultural, industrial, and domes­ 
tic purposes. This estimate does not include water used in connection 
with steam and hydroelectric power generation. Of the total, it was 
estimated that 276 billion gallons (80 percent) was supplied from 
surface-water sources, and 67 billion gallons (20 percent) was from 
wells. The estimates indicate the quantities, in billions of gallons 
per year, for the three types of use to be as follows: agricultural use 
132 (39 percent), industrial use 111 (32 percent), and domestic use 
100 (29 percent).

Although the greater quantity of water supplied is from surface- 
water supplies, many ground-water sources supply water in small 
quantities for municipal and industrial use, and the number of ground- 
water wells probably exceeds the number of surface water sources. 
Of the 276 billion gallons per year (756 mgd) of surface water used, 
48 percent is used by agriculture, 36 percent by industry, and 16 per­ 
cent is used domestically. The 67 billion gallons per year of ground 
water used is divided between industrial (15 percent) and domestic 
(85 percent) uses.

Municipal, agricultural, and some industrial processing uses are 
partly or wholly consumptive, and account for most of the consumptive 
use of water in the State. Other uses, not included in the preceding 
estimates, such as for generation of hydroelectric power, cooling and 
condensing, navigation, and dilution of wastes, depend on large quan­ 
tities of water, but do not appreciably change the quantity available 
for subsequent use, and, except for dilution of wastes, usually do 
not affect quality to the extent of seriously limiting subsequent uses.
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VARIATIONS IN STREAMFLOW

Variation is the most important aspect of streamflow. Streamflow 
varies not only from day to day and year to year but also from place 
to place. This discussion of the amount and cause of streamflow 
variation in North Carolina shows why analyses such as are sum­ 
marized in this report are required if streamflow characteristics are 
to be described adequately.

VARIATION WITH TIME

Streamflow in North Carolina is generally higher in the winter than 
in the summer so that average monthly flow varies seasonally some­ 
what as shown in figures 4 and 5. The seasonal pattern of streamflow 
is more pronounced than that of precipitation largely because of 
increased losses by evapotranspiration (the total of evaporation and 
transpiration) during the summer. The seasonal pattern of flow for 
nine stations is indicated by the data in table 3. The seasonal pattern 
provides only a rough indication of the amount of flow to be expected 
because the pattern itself varies from year to year. The summer flow 
in some years, for example, is much lower than the average flow given 
in table 3; also, floods can occur at any time during the year.

The variation in streamflow from year to year shown by the annual 
runoff plotted in figures 6 and 7 indicates that the average discharge

Basin precipitation was computed by 
the North Carolina Board of Water

method, from data collected by the 
U S. Weather Bureau

OCT NOV DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT

FIGURE 4. Average monthly precipitation and runoff, Tar River at Tarboro for the period 
1931-56. Basin precipitation computed by the North Carolina Board of Water Com­ 
missioners, using the Thiessen method, from data collected by the U.S. Weather Bureau.
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sin precipitation was computed by 
the North Carolina Board of Water 
commissioners, using the Thiessen 
method, from data collected by the 
U.S. Weather Bureau

OCT NOV DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT

FIGURE 5. Average monthly precipitation and runoff, French Broad River at Asheville 
tfor the period 1931 56. Basin precipitation computed by the North Carolina Board of 
Water Commissioners, using the Thiessen method, from data collected by the U.S. 
Weather Bureau.
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for some years is as low as a third of that of other years. Furthermore, 
several successive years may be low or high. Annual runoff appears 
to vary somewhat with annual precipitation, which is also shown 
in these figures. Annual precipitation and runoff for other stations 
are given in table 4.

FIGURE 7. Annual precipitation at Hendersonville and runoff of French Broad River at
Asheville.

Although records of hydrologic data often indicate cycles covering 
several years, authorities have generally concluded that variations in 
precipitation and runoff do not follow systematic cycles and that such 
variations are chiefly random occurrence. Attempts to demonstrate 
predictable cycles have been inconclusive.

Long-term trends in streamflow are also difficult to prove because 
available records are not long enough to indicate whether the average 
flow has really changed or whether it will return to the average for 
an earlier period. Also, the fact that a downward trend may be due 
in part to manmade changes in environment complicates the appraisal 
of apparent trends.

Long-term records of streamflow for four rivers in North Carolina 
indicate a downward trend in average streamflow in the period 1897- 
1954. These rivers are representative of streams occupying broad 
regions within the State. Records indicate that streamflow was 
notably lower during the last half of this period than during the first 
half as shown in the following table.
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Stream

Cape Fear River (at Lil- 
lington). ______________

Yadkin River (at Yadkin 
College)_______..______

French Broad River (at

Valley River (at Tomotla)_

Average discharge (cfs) »

1896-1925

3,401 

3,669

2,276
277

1925-54

3,308 

2,859

1,982 
238

Percent 
lower

3 

22

13 
14

Median of annual 7-day 
minimum discharges (cfs)

1897-1926

400 

1,400

757 
61

1926-55

213 

1, 130

650
48

Percent 
lower

47 

19

14 
21

1 Cubic feet per second.

The figures in this table for the Cape Fear and Yadkin Kivers are 
based on combined records from more than one station on each river. 
The name of the town or city in parentheses indicates the location 
at which the major part of the record on the respective river was 
collected. Average discharge is compared for the periods October 
1896 to September 1925 and October 1925 to September 1954; minimum 
discharge is for the periods April 1897 to March 1926 and April 1926 to 
March 1955.

The downward trend in streamflow at the four long-term stations 
studied leads to the conclusion that streamflow throughout the Pied­ 
mont and Blue Kidge provinces of North Carolina was nearly 20 
percent lower during the last half of the period. This conclusion does 
not hold for the Coastal Plain, which is not represented in the pre­ 
ceding tabulation, because total precipitation at Tarboro and Golds- 
boro, both in the Coastal Plain, was slightly greater during 1925-54 
than during 1897-1925. These apparent trends should not be construed 
as being indicative of a continuing trend or even of a permanent 
change.

VARIATION WITH LOCATION

The most obvious cause of variation in streamflow from place to 
place is variation in size of drainage area; but even though the effect 
of size has been removed by expressing the tabular data in this report 
in units of cubic feet per second per square mile, a cursory examination 
of the data in the tabular section reveals marked differences from 
place to place. A complete discussion of the cause of these differences 
is beyond the scope of this report, but a few of the factors that are 
known to cause differences in the flow characteristics of streams in 
North Carolina are discussed in the following paragraphs.

Much of the difference in the amount of streamflow from two drain­ 
age areas of the same size is due to differences in average annual
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precipitation and in summer air temperatures. The fact that average 
annual precipitation in parts of southwestern North Carolina is more 
than one and one-half times that in the south-central part of the 
Coastal Plain (fig. 2) surely explains part of the difference in runoff 
in these areas, and the fact that air temperature and resulting evapo- 
transpiration averages higher in the area of lower precipitation ex­ 
plains the variation more adequately. But the combined effect of 
these two factors and other climatic factors such as wind movement and 
humidity hardly explains the eightfold variation in average annual 
discharge shown by the records for stations 353 and 242. (See table 6.) 
The remaining variation is due to differences in physiographic factors. 

Physiographic factors such as soils, surficial geology, topography, 
and vegetation have as much effect on differences in streamflow in 
North Carolina as do differences in climate. These factors regulate 
the infiltration, evapotranspiration, and release of water to streams 
and thus affect the amount of water that reaches streams. Their effect 
on the distribution of flow throughout the year is even more pronounced 
and explains why some streams cease to flow during a drought while 
other streams of the same size continue to flow.

METHODS OF ANALYSIS

AVAILABLE BASIC DATA

Basic data on streamflow at more than 800 sites in North Carolina 
were available for analysis in this report. At nearly half of these 
sites, observations of streamflow had been made over a period of 
years either to obtain a continuous record of daily discharge or to 
obtain periodic measurements of base flow. The analysis of these 
records is described in this section. At the other sites, where only a 
few base-flow measurements were made, the flow wras related to one 
or more of the stations shown in table 5 as described in the section on 
"Base-Flow Observation Points." The location of these sites is 
given in table 12.

Continuous-record gaging stations are identified in table 5 by the 
word "Daily" in the type-of-discharge column, and the partial-record 
stations at which periodic measurements of base flow were obtained 
are identified by the word "Partial." For stations where chemical 
quality has been sampled, the frequency of sampling is indicated by 
the words "Monthly" or "Daily" in the type-of-chemical-quality col­ 
umn. Twenty stations at which chemical quality data have been ob­ 
tained are listed in table 5 even though no stream-flow records were 
collected there The index numbers in table 5 identify the stations on 
plate 1 and in the tables. The site numbers, which are shown in tables 
5 and 12, are the downstream order numbers permanently assigned
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to the sites. Downstream order numbers are explained in more detail 
in each of the periodical reports on surface water supply issued since 
1958 (U.S. Geological Survey, issued periodically).

REFERENCE PERIOD

The range from 1 to 61 years in length of record at the 195 daily 
discharge stations shown in table 5 indicates the need for adjusting 
the record to a common reference period. Short-period records gen­ 
erally do not include the variations in flow typical of a longer period 
and they may be severely affected by a series of unusually wet or dry 
years. Kecords adjusted to a common reference period are also more 
suitable for studying the differences in streamflow resulting from 
permanent differences in basin factors.

In this report, streamflow data for all streams have been adjusted 
to a 58- or 59-year reference period. The 59-year period October 1, 
1896, to September 30, 1955, was used for flow-duration and average- 
discharge analysis and the 58-year period April 1, 1897, to March 31, 
1955, for low-flow frequency and storage-required analysis. The ref­ 
erence period starts with 1896, the earliest year for which sufficient 
long-term records are available, and ends with 1955, the latest year 
of record available at the time the low-flow analyses were started.

ADJUSTMENT TO REFERENCE PERIOD

Seven stream-gaging stations for which records could be extended 
to the reference period 1897-1955 were used as the basis for adjust­ 
ing other records to the same reference period. For one of these 
stations, French Broad Kiver at Asheville, daily discharge was ex­ 
tended back from 1908 to 1897 (except for 1902) on basis of gage 
heights and discharge measurements; but for the other six stations, 
discharge data were extended by correlation with records at other 
stations. In making these extensions, long-term records on streams 
that have recently become regulated were used to extend the informa­ 
tion available at unregulated stations with shorter records. Very 
few of the extended data are suitable for publication as a basic record 
of streamflow, but all are believed to be sufficiently reliable for the 
analyses in this report. Smoothed curves of low-flow frequency based 
on extended data at these seven stations (five in North Carolina and 
two in Virginia) were taken from a recent report by Hardison and 
Martin (1963).

Flow-duration data and low-flow frequency data for other stream- 
gaging stations in North Carolina were adjusted to the reference pe­ 
riod 1897-1955 by relating the flow to that at two or more of the 
long-term stations or by relating it to that at two or more of the
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stations that had been so adjusted. The relations were based on 
low-flow frequency and flow-duration data for the concurrent period 
of record. The relations for both types of data tend to coincide and 
to be the same as those shown by concurrent discharge. The rela­ 
tion curves were used to transpose the flow characteristics from the 
long-term stations to the short-term stations and thus in effect to 
extend the short-term data to the reference period.

FLOW-DURATION DATA

A flow-duration curve is a cumulative frequency curve that shows 
the percentage of time during which specified discharges were equaled 
or exceeded in a given period (Searcy, 1959). A flow-duration table 
is a list of the coordinate values that define the curve. Thus, flow- 
duration data show the time distribution of flow at a gaging station 
without regard to the sequence of flow. Although based on a specific 
period of record, they tend to indicate the distribution of flow to be 
expected in the future. The flow-duration data in this report were 
adjusted to the reference period as explained in the preceding section.

Flow-duration data for unregulated stream-gaging stations and 
partial-record stations adjusted to the period 1896-1955 are summa­ 
rized in table 6. The results are presented as discharge per square 
mile to facilitate comparison between streams. The flowr-duration 
curve for two of the sites in table 6 (index Nos. 40 and 322) are plotted 
in figure 8 to a logarithmic scale of ordinates and a probability scale 
of abscissas. The curves reflect the greatly different runoff charac­ 
teristics of the two streams. The unadjusted curves for the period 
of record are shown for comparison. For Tar River at Tarboro, the 
discharge that was exceeded 98 percent of the time is shown by the 
table and the adjusted curve to be 0.061 cfs per sq mi, which is equiv­ 
alent to 130 cfs from the drainage area at Tarboro of 2,140 square 
miles. For other stations in table 6, the discharge shown in cubic 
feet per second per square mile can similarly be multiplied by the 
drainage area listed in the third column to obtain the discharge in 
cubic feet per second at the gaging station site.

The average discharge shown in the fourth column of table 6 is 
the average discharge for the reference period 1896-1955. It was 
estimated from the observed record at each gaging station by means 
of the relation curves used to extend the flow-duration data and the 
low-flow frequency data. If the observed average for two stations for 
a concurrent period of record plotted within 5 percent of the curve 
based on the other data, the adjusted average was taken from the 
curve; otherwise it was taken from a parallel curve drawn through 
the point. For the partial-record stations, where there was no observed
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average, the estimated average discharge was taken directly from 
the relation curve.

Flow-duration data for gaging stations where the flow is affected by 
regulation are summarized in table 7. These flow-duration data, 
which are for the period of regulated record shown for each station, 
are expressed in cubic feet per second, because the flow per square 
mile would have but little significance. Records for years of natural 
flow and the filling periods of large reservoirs are not included in 
these results. For eight of these stations (index Nos. 5, 207, 229, 
357, 360, 367, 370 and 376), the flow-duration data for unregulated 
conditions have been estimated on the basis of records collected 
before regulation began, and the results are included in table 6. For 
sites where minor regulation or diversion affects only low flows, the 
duration data are listed in table 6 but not in table 7. The data thus 
shown are estimated to be within 10 percent of natural flow.
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For sites where only a few base-flow measurements were made, the 
flow equaled or exceeded 50 and 90 percent of the time was estimated 
as described in the section on "Base-Flow Observation Points" and 
is listed in table 12. Although the flow-duration data estimated in 
this way are not as reliable as those in table 6, they are believed to 
be the best estimates possible with the information available and to be 
reliable enough for preliminary investigation and general comparisons.

LOW-FLOW FREQUENCY DATA

MEANING OF FREQUENCY DATA

Frequency has been used for many years to indicate the relative 
magnitude of extremes of streamflow. As soon as stream-gaging rec-. 
ords became generally available, leading engineers and mathematicians 
began to analyze floods to determine their probable frequency of 
occurrence. Similar analyses of minimum flow have been made.

The concept of recurrence interval is rather universally recognized, 
even if not always completely understood. Press releases often give 
the length of time since the last event of equal or similar severity. 
For example, newspapers often contain such statements as: "The peak 
stage of the river was six inches higher than during the flood of 1900." 
Such a statement in a 1960 newspaper would imply to the reader 
that the flood being reported was at least a 60-year flood. The implica­ 
tion is well founded but not strictly in keeping with the meaning of 
recurrence interval.

A given recurrence interval cannot be interpreted as being the exact 
time interval between similar events, but is rather the average length 
of time (during a period several times the length of indicated recur­ 
rence interval) between events which exceed the given event in severity. 
Thus recurrence interval refers to the average time between hydrologic 
events, not to the exact length of time between the known dates of 
occurrence of two historical events.

A structure designed to wtihstand a 100-year flood may be subjected 
to such a flood or an even greater one any time during the next 100 
years, possibly during the first year. Similarly, a water-supply 
reservoir could fail to supply the design draft because of critically 
low flows occurring at any time during the design period. While 
this possibility would seem to discourage the use of recurrence inter­ 
vals as criteria for design, it should be recognized that a calculated 
risk is always involved in building works that depend on the vagaries 
of streamflow for their satisfactory use or operation and that it is 
better to appraise this risk than to ignore it.

By applying the methods described by Eiggs (1961), it is possible 
to adjust a recurrence interval curve so that there is an assigned
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probability that a curve value will not be exceeded during a cor­ 
responding design period. The probability that an event of a given 
magnitude will be exceeded in severity during a design period equal 
in length to the unadjusted recurrence interval of the event is about 
0.64.

Length of minimum periods.   Minimum flows differ from peak 
flows in that interest is centered on sustained or average flow over 
some finite length of time rather than on momentary flow. Further­ 
more, no one period can be chosen as a unit of time that will satisfy 
all needs. Therefore, low-flow frequency data generally are prepared 
for a series of periods ranging from 1 day to several months or even 
1 or 2 years.

Average flow during period.   The flows on which frequency anal­ 
yses and adjustments are based are average observed flows   the arith­ 
metic average of all daily mean flows in the minimum period. Thus 
an adjusted minimum is also an average and not the minimum in­ 
stantaneous flow to be expected during the selected number of days.

The significance of average values of minimum discharges is illus­ 
trated in figures 9-12. For both stations used in the illustrations, the 
minimum day during 1941 is contained within the other minimum 
periods. Such is usually, but not always, the case; frequently, the 
minimum day and shorter minimum periods occur on dates not entirely 
included in the longer periods.

The differences between average flows indicated in figures 10 and 12 
for similar length of period are greater for Tar River than for French 
Broad River. For example, the 30-day minimum at Tarboro is 1.44 
times the 7-day minimum, whereas the similar ratio of discharges at 
Asheville is 1.08. The difference reflects the greater variability of 
streams, such as Tar Hirer, in the eastern part of the State. The sub­ 
ject of variability is discussed in more detail in the section on "Discus­ 
sion of Results."

COMPUTATION OF LOW-FLOW FREQUENCY DATA

Compilation of observed data.   Annual minimum average dis­ 
charges for periods of 7, 30, 60, 90, 183, and 274 days were determined 
for all regular stations. These annual minimum discharges for the 
period of record at a station were arranged in order of magnitude, 
and order numbers were assigned, beginning with the lowest as number 
1 . Recurrence intervals based on observed data were then computed, 
as necessary, by the formula :

m
where R.I. is the recurrence interval, in years ; n the number of years 
of record ; and m the order of magnitude.
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Adjustment curves. The relation, curves used to adjust the short- 
term low-flow frequency data to the reference period, generally, were 
those defined by the monthly mean discharge and the discharge for 
equal percent duration. The applicability of these curves to the ad­ 
justment of the low-flow frequency curves was verified by plotting 
the 7-day and 183-day annual minimum discharges on the graph used 
for the other types of data. Annual minimum discharges for the con­ 
current periods of record were arranged in order of magnitude, and 
the discharge for equal order numbers at the two stations being related 
were used for this purpose. With the exception of relations involving 
Rocky River near Norwood (index No. 222), the 7-day and 183-day 
data checked the curves defined by the other type of data within 
allowable limits. For relations between the Norwood station and 
other stations, wrhere there was an appreciable difference in the posi­ 
tion of the relation curves for the various types of data, separate 
curves were drawn for each type.

Compilation of adjusted data. The adjusted data were smoothed 
by plotting the discharge against recurrence interval on plotting paper 
having a logarithmic scale of ordinates and a scale of abscissas de­ 
veloped by Powell (1943) from Gumbel's theory of extreme values, 
and drawing smooth curves through the plotted points. Examples of 
the smoothed curves are presented in figures 13 and 14. Adjacent 
curves, such as the 7-day curve and 30-day curve, were drawn nearly 
parallel, with a gradual transition in shape from the 7-day curve to the 
274-day curve, if such changes in shape were indicated by the plotted 
points. Figure 13 illustrates a typical example of this transition in 
shape. Only minor departures from plotted points were necessary in 
drawing the smooth curves. Discharges taken from the smooth low- 
flow frequency curves are tabulated in table 8 in units of cubic feet per 
second per square mile for periods of 7, 30,60,90,120,183, and 274 days 
and for recurrence intervals of 2, 5, 10, 20, 40, and 60 years. The lead­ 
ers shown in some of the spaces in table 8 indicate that the discharge 
could not be determined owing to inadequate definition of the relation 
curves or to the effects of regulation or diversion. Those sites for 
which frequency data are affected wholly or in part by regulation or 
diversion are indicated by the symbol N after the site name. For some 
of these sites, the data were computed from records collected before 
regulation began; therefore they reflect natural-flow conditions. For 
other sites, extremely low flows that are affected appreciably by diver­ 
sion are omitted from table 8. For sites where minor regulation affects 
daily duration data but does not affect the average flow for 7-day and 
longer periods, the symbol N appears in table 6 but not in table 8.

The low-flow frequency data presented in table 8 can be plotted with 
recurrence interval as a parameter as shown in figure 15 to give values
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FIGURE 13. Magnitude and frequency of annual low flow of the Tar River at Tarboro, 
adjusted to the reference period 1897 1955.

of discharge for periods other than the selected periods of consecutive 
days used in the analysis. The graphs in figure 15 are extended down 
to the one-day period by applying a coefficient of 0.90 to the 7-day 
discharge as explained in "Discussion of Results."

As the discharge data given in table 8 are in cubic feet per second 
per square mile, they must be multiplied by the drainage area in order 
to obtain the flow at a site. For example, the minimum 7-day dis­ 
charge for a recurrence interval of 20 years at French Broad River 
at Asheville (index No. 322) is shown by table 8 to be 0.360 cfs per 
sq. mi. When this figure is multiplied by the drainage area of 945 
square miles, the discharge is 340 cfs. This means that the annual 
minimum 7-day discharge would fall below 340 cfs at average intervals 
of 20 years, and in 19 years out of 20 on the average the annual 7-day 
minimum would be more than 340 cfs. The same information could 
be obtained from the 7-day curve in figure 14, or from the 20-year 
curve for Asheville in figure 15.

Although the trend in recent years seems to be toward the use of 
frequency data, minimum daily discharges of record are included in 
table 8, and observed annual minimum 7-day discharges are listed 
in tables 9 and 10 in order to satisfy possible continued interest in 
observed data. Whenever a minimum discharge of record is being
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FIGURE 15. Low-flow curves for 20- and 60-year recurrence intervals, Tar River at Tar- 
boro and French Broad River at Asheville.

considered, tables 9 and 10 may be consulted to determine the period 
of record and the years when regulation or diversion affected the 
flow.

Frequency data for ba^e-floiu observation points. Seven-day flows 
having recurrence intervals of 2,10, and 20 years are included in table 
12. The methods of developing these data and their probable accu­ 
racy are discussed in the section on "Base-Flow Observation Points."

MINIMUM DISCHARGE ALONG SIX MAJOR RIVERS

Figures 16-21 show 7-day, 10-year discharge and drainage area 
plotted against river mileage. The plotted discharge reflects natural 
flow. In most cases where the 7-day discharge is affected by regulation 
or diversion, the discharge shown is based 011 records collected before 
regulation or diversion began. In a few instances, however, records 
used in the low-flow frequency analysis were affected by fairly con­ 
stant diversion, and the discharge shown on the graph has been cor­ 
rected by the amount of the diversion. Location of diversion structures 
and dams on the main stem and the existence of diversions and regula­ 
tion affecting the flow of tributaries are indicated by notes. Amounts 
of diversion are also indicated in the notes.

690-432 O 63   3
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STORAGE-REQUIRED-FREQUENCY DATA

If the minimum flow of a stream is insufficient to supply a projected 
rate of use, the data in table 11 and in the last four colomns of table 12 
will aid in the selection and design of a reservoir to supplement low 
flow.

Storage-required data can be computed either from observed low 
flows or from arrays of low-flow frequency data. The first method 
uses mass diagrams on which curves of accumulated discharge from 
a critically low period of observed or estimated record are plotted 
against time. The second method uses low-flow frequency data to 
compute the magnitude and frequency of storage needed to increase 
the low flow to a required magnitude (Martin and Hulme, 1957). 
The storage thus computed may be assumed to become depleted at 
average intervals equal to the recurrence interval of the low flow 
data used in the computations. An adaptation of the second method 
was used in this report.

In order to compute the storage requirements listed in table 11, 
low-flow frequency data for 20- and 60-year recurrence intervals in 
table 8 were multiplied by the number of consecutive days to con­ 
vert to volume. Then the selected draft rates were multiplied by 
the same number of days and the excess of total draft (volume de­ 
manded) over the total discharge (volume available) was computed 
for each length of period and each draft rate. The maximum excess 
for each draft rate and recurrence interval, which is the storage re­ 
quired to maintain that draft rate during a drought of the given re­ 
currence interval, is listed in table 11. Storage required to maintain 
the regulated flow indicated in the column headings is listed in table 
11 for continuous-record and low-flow partial-record gaging stations. 
Storage-required-frequency data are not included in table 11 for sites 
that are extensively regulated, even though low-flow frequency data 
for some of these stations were computed from records collected before 
extensive regulation and are shown in table 8. A zero is listed in 
table 11 when the indicated regulated flow is less than the unregu­ 
lated flow and no storage is required. Leaders in spaces to the left 
of finite values indicate that storage may be required, but the stream- 
flow data necessary to establish the amount of storage are not avail­ 
able. Leaders to the right indicate that storage would be required 
during a critical period longer than 9 months (274 days) for which 
low-flow frequency data are not available to evaluate the required 
storage.

Similar data are listed for base-flow observation points in the last 
four columns of table 12. This table shows available draft rates 
corresponding to storage volumes of 1, 10, 50 and 100 acre-ft per sq
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mi (acre-feet per square mile) for the 20-year recurrence interval 
only.

Storage-required frequency data for two gaging stations having 
widely different low-flow characteristics are illustrated by the graphs 
in figure 22. The difference in low flow is reflected in the storage 
data. For example, during a 20-year drought, a regulated flow of 
0.40 cfs per sq mi would be available from a reservoir at Tarboro 
having a capacity of 77 acre-ft per sq mi. As a result of the greater 
unregulated flow at Asheville, however, the same regulated flow of 
0.40 cfs per sq mi would be available from a reservoir having a capac­ 
ity of only 0.56 acre-ft per sq mi. The same values are determined 
by reference to table 11. These values may be multiplied by the 
drainage area in the third column to determine regulated flow in cubic 
feet per second and storage in acre-feet. For example, 856 cfs (0.40 
cfs per sq mi X 2,140 sq mi) would be available at Tarboro from a 
reservoir having a capacity of 165,000 acre-ft (77 acre-ft per sq mi 
X 2,140 sq mi). A reservoir of this size is not necessarily practical 
even though large storage values are included for many sites in table 11.

Application of the data in table 11 to a particular project usually 
involves certain adjustments of those data. (1) Draft rates often 
fluctuate with varying demands. Fluctuating draft rates should be 
anticipated in design and proper allowances made for short-term maxi­ 
mum rates that may greatly exceed long-term average rates. (2) The 
data are not corrected for losses due to evaporation from the reservoir 
surface or for possible losses or gains due to seepage. Estimates of 
evaporation and seepage losses should be added to the proposed draft 
rate before entering the table, or allowance should be made in the 
size of the reservoir. (3) The method of computing storage require­ 
ments from low-flow frequency curves gives storage requirements 
about 10 percent smaller than would be obtained by analysis of the 
observed mass curves. Allowance should be made for this bias by in­ 
creasing the amount of storage required. (4) Accumulations of silt 
during the useful life of a reservoir may reduce the effective volume; 
the size of the reservoir may have to be increased to allow for dis­ 
placement by silt. Data collected by the U.S. Soil Conservation Serv­ 
ice give information on the probable rate of siltation. (See Eakin, 
1936.)

BASE-FLOW OBSERVATION POINTS

The water-supply characteristics for 507 base-flow observation 
points given in table 12 were defined on the basis of a few measure­ 
ments of discharge made at each site during low-flow periods. Al­ 
though the data are not as complete or as reliable as those given in 
tables 6, 8, and 11, they are much better than could be estimated with-
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out the use of the discharge measurements. The variation in mini­ 
mum flow per square mile shown in table 12 demonstrates the possible 
error in estimating on the assumption of uniform runoff. No sites 
known to be affected by regulation or diversion are included, but the 
flow at some of the sites may be affected by regulation or diversion 
that started since the discharge measurements were made.

The discharge measurements at the base-flow observation points 
were related to the discharge at the gaging stations and partial-record 
stations by plots on logarithmic paper. The average discharge for 
the base-flow observation points was estimated by comparison with 
the average discharge at nearby gaging stations and was plotted 
against the average discharge at the gaging station to define the upper 
end of the relation curve. The line of relation was drawn as a straight 
line through the average-discharge point and downward to average 
the plotted discharge measurements. Values of discharge at the 50- 
and 90-percent duration points and the minimum 7-day flow at the 2-, 
10-, and 20-year recurrence interval for the base-flow observation 
points were obtained by entering the relation curve with the corre­ 
sponding discharges at the gaging station. Storage-draft data for a 
recurrence interval of 20 years were computed from estimated low-flow 
frequency data by methods similar to those described in the section on 
"Storage-Eequired-FrequencyData."

DISCUSSION OF RESULTS

ESTIMATION OF DATA FOB SITES OTHER THAN GAGED SITES

Estimates of streamflow characteristics for sites other than the 
gaged sites listed in tables 6, 8, 11, and 12 are sometimes possible by 
careful application of the data in these tables. If the size of the 
drainage area of the stream at an ungaged site is only slightly differ­ 
ent from the drainage area of a gaged site, then values in units per 
square mile from the tables may be applied directly to the drainage 
area at the ungaged site to determine flows in cubic feet per second 
or storage in acre feet. For other areas, the flow at the ungaged site 
may be estimated by adding or subtracting the flow from intervening 
gaged tributaries. Estimates should include only relatively small 
amounts of ungaged flow? which are usually estimated from tabular 
values for nearby sites. If ungaged areas are relatively large, un­ 
desirably large errors may result from uncertainties as to the magni­ 
tude of flow per square mile. In still other situations where two 
gaged sites are located on the same stream, data for a site located on 
the intervening reach may be estimated by averaging values of flow 
in cubic feet per second or storage in acre-feet for the two gaged sites.

Although draft-storage data are given in tables 11 and 12 in units
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per square mile, particular care should be exercised in extending the 
data to sites other than those listed, since discrepancies in streamflow 
data are sometimes magnified in draft-storage data. In general, 
better estimates may be obtained by estimating low-flow frequency 
data and recomputing storage, particularly if a few low-flow meas­ 
urements can be made to help define the low-flow frequency 
characteristics.

GENERAL RELATIONSHIPS

Magnitude of low -flow. Comparison of discharge for any one of 
the low-flow parameters tabulated in tables 6, 8, and 12, shows that 
the magnitude of discharge per square mile generally increases from 
a minimum in the eastern part of the State to a maximum in the 
westernmost part. There are several extensive deviations from this 
pattern, such as parts of Wake, Onslow, Catawba, and the Sand Hills 
counties, where low-flow runoff is considerably greater than in sur­ 
rounding areas, and the area in the general vicinity of Asheville, 
where runoff is much less than in adjacent areas. These and many 
other deviations from the general pattern result from local differ­ 
ences in climate and basin factors.

Variability. Magnitude of low flow is usually associated with the 
variability of flow at a stream site. Streams where smaller minimum 
flows per square mile are observed generally have greater variability 
than those having greater minimum flows. The slope of the duration 
curve is a quantitative measure of variability. The ratio of the flow 
available 50 percent of the time to that available 90 percent of the 
time is an index of variability (Searcy, 1959, p. 30). Typical exam­ 
ples of this ratio for North Carolina streams are: 10.2 for Kockfish 
Creek near Wallace (index No. 155) in the southeastern part of the 
State, 2.0 for Drowning Creek near Hoffman (index No. 238) in the 
Sand Hills, and 2.0 for French Broad River at Asheville (index No. 
322) in the western part of the State.

Points of equivalency between duration and frequency. A study 
of selected representative stations throughout the State indicates that 
7-day, 10-year discharges have duration percentages ranging from 
98.2 to 99.6 and averaging very close to 99.1. Similar equivalences 
could be determined for periods other than 7 days and for recurrence 
intervals other than 10 years.

One-day discharge versus 7-day discharge. Because the annual 
minimum daily discharge is often affected by minor regulation, fre­ 
quency data for 1-day periods are not included in this report; but an 
indirect method is available for estimating the magnitude of un­ 
regulated daily discharge for any required frequency. A study of 
low discharges (including minimum annual discharges) indicates that
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any 7-day low-flow (including that for a selected recurrence interval), 
when multiplied by a constant factor, gives a fairly reliable estimate 
of the corresponding 1-day discharge for a stream site. This factor 
varies from about 0.80 in the eastern part of the State to about 0.95 
in the western part and averages about 0.90. Thus, a daily discharge 
for any required recurrence interval can be estimated for a site on 
an unregulated stream by multiplying the 7-day discharge having 
the required recurrence interval by 0.90.

EXPLANATION OF TERMS

Units of measurement used in surface-water hydrology fall into 
two classes: those that represent rates of flow, such as cubic feet per 
second (cfs), millions of gallons per day (mgd), gallons per minute 
(gpm), and cubic feet per second per square mile (cfs per sq mi), 
and those that represent volume, such as cubic feet (cu ft), millions 
of gallons, cfs-days, acre-feet (acre-ft), and acre-feet per square mile 
(acre-ft per sq mi).

The gallon is the volumetric unit commonly used in North Carolina 
in connection with pumping rates, storage for water supplies, and 
sprinkler-type irrigation systems, whereas the cubic foot is the 
volumetric unit generally used in connection with power generation 
and with floodflows. The units most frequently used in this report 
are cubic feet per second and cubic feet per second per square mile for 
rates of flow, and acre-feet per square mile for volumes. Acre-feet, 
a term long used in the Western United States, is now being used in­ 
creasingly throughout the East. It is easily converted to the units 
more commonly used in North Carolina.

The more technical terms used in this report, including units of 
measurements and other terms related to the sciences of hydrology 
and statistics, are explained in the following paragraphs, each in the 
particular sense it is used in this report. A more complete list of 
definitions is given by Langbein and Iseri (1960).

Cubic foot per second is a unit expressing rate of discharge. One 
cubic foot per second is equal to the discharge of a stream of square 
cross section, 1 foot wide and 1 foot deep, flowing at an average veloc­ 
ity of 1 foot per second.

1 cfs=448.8 gpm=0.646 mgd.
Cubic foot per second per square mile is a unit expressing the aver­ 

age number of cubic feet of water per second flowing from each square 
mile of area drained, assuming that runoff is distributed uniformly 
in time and area.

Acre-foot is a unit of volume. One acre-ft is the volume of water 
that would cover an area of 1 acre to a depth of 1 foot.

1 acre-ft=325,851 gal=43,560 cu ft=0.50417 cfs-day = 0.01875 in. 
on 1 sq mi.
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Roughly speaking, 2 acre-ft equals 1 cfs-day, and 3 acre-ft equals 1 
million gallons.

Acre-foot per square mile is the unit of volume used in this report 
to represent the storage that would be required for each square mile 
of area drained at a stream site to maintain a specified draft rate. 
The draft rate is assumed to be uniform in time and is expressed in 
units of cubic feet per second for each square mile of drainage area 
tributary to the site.

Frequency and recurrence interval are terms often used interchange­ 
ably in referring to extremes of streamflow. Frequency of flow is a 
measure of the average number of extremes that will at least equal in 
severity a given extreme during a period of many years. Similarly, 
recurrence interval is defined as the average time, in years, between 
such extreme events. It cannot be predicted when a drought or flood 
of a given magnitude will occur, but the probable number of such 
events during a reasonably long period of time may be estimated with­ 
in reasonable limits of accuracy. For example, a low-flow discharge 
of 5 cfs having a recurrence interval of 10 years indicates that a dis­ 
charge at least as low as 5 cfs will occur as an annual minimum about 
5 times in 50 years, or 10 times in 100 years. A flood peak of 1,000 cfs 
having a recurrence interval of 50 years would indicate about 4 flood 
peaks of at least 1,000 cfs in a period of 200 years. Phrases such as 
"10-year discharge" are commonly used in discussing extremes hav­ 
ing the indicated recurrence interval, in years. Similar terminology 
is used in this report. For example, "7-day, 10-year discharge" refers 
to the 7-day minimum discharge having a recurrence interval of 10 
years.

Duration is the percent of time daily discharge at a point on a 
stream exceeds a certain indicated magnitude. The days are not neces­ 
sarily consecutive. In tabulating duration data for a period of rec­ 
ord, all the days that exceed the indicated magnitude are counted 
whether they occur singly or in groups. The word "duration" is 
also used to designate tables or curves that give the percentages for 
various magnitudes of discharge. Duration, in this sense, is not to be 
confused with the use of the word to indicate a continuous period of 
time, as "a drought of 30 days' duration."

Draft-storage data give the volume of storage that would be re­ 
quired to satisfy specified draft rates greater than the low-flow yield 
of the stream. Draft-storage data in this report are based on dis­ 
charges having recurrence intervals of 20 and 60 years, rather than 
being based on discharge observed during the period of record.

Draft, demand, or regulated flow, when used in connection with 
draft-storage data, are more or less synonymous terms which desig­ 
nate the quantity of water withdrawn or released from a reservoir
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for any planned use. Draft and regulated flow generally refer to rates 
of flow; demand may refer to a rate but more generally refers to a 
total volume over a period of time.

Storage is the process of storing water in a reservoir. It is also the 
volume of water in a reservoir, or that part of the volume designated 
for a specified function or use.

Capacity refers to the physical dimensions of a reservoir. It is the 
volume, whether filled with water or wholly or partly empty, available 
for storing water.

Contents refers to the volume of water in a reservoir at any particu­ 
lar time.

Yield is the runoff from the drainage basin, including ground-water 
outflow that appears in the stream plus ground-water outflow that 
bypasses the gaging station and leaves the basin underground.

A climatic year is a continuous 12-month period during which a 
complete annual cycle occurs. All data on minimum flows in this 
report, including low-flow frequency data and the storage data are 
based on the climatic year April 1 through March 31. This period 
was selected in order to minimize the number of extended low-flow 
periods that continue from one year into the next. The climatic year 
is designated by the calendar year during which most of the 12 months 
occur. Thus, the period April 1, 1955, through March 31, 1956, in­ 
cludes 9 of the 12 months in 1955 and is called the 1955 climatic year.

A water year is a 12-month period, October 1 through September 30. 
It has been used by the Geological Survey since 1913 in annual and 
other reports dealing with surface-water supply. The water year is 
designated by the calendar year in which it ends and which includes 
9 of the 12 months. Thus, the year that ended September 30, 1956, 
is called the 1956 water year. Duration data and aver age-discharge 
data in this report are based on water years.

SUMMARY

Factual data of the type needed for the beneficial development and 
use of the water resources of North Carolina are presented in this 
report. These data are an important prerequisite to the continued 
economic growth of the State.

Magnitude and frequency of annual low flow and storage require­ 
ments for recurrence intervals of 20 and 60 years adjusted to a 58-year 
base period and flow-duration data and average discharge adjusted 
to a 59-year base period are presented for many streams. Data on 
weather and climate are included, as are certain unadjusted flow data 
for regulated and unregulated streams.

The extreme variability of streamflow with respect to time and 
place, particularly the variability of low flow, is demonstrated 
throughout this report. The complex relations between streamflow
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and climatic and physiographic factors, which account for this varia­ 
bility, are discussed in an effort to assist the user in understanding 
and properly applying the data presented.

The availability of quality-of-water records are discussed, and the 
type and period of available chemical-quality records are listed in 
table 5.

The evaluation and interpretation of hydrologic data are always 
complex problems. An attempt has been made in this report to pre­ 
sent data in readily usable forms, to explain their meaning and limi­ 
tations and to encourage careful application. In addition to furnishing 
facts that may be used in solving many specific problems in devel­ 
opment and design, it is hoped that the compilations presented herein 
may aid future investigators in further refining the techniques of 
analyzing streamflow data and in developing broad hydrologic 
concepts.
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CHARACTERISTICS OF NORTH CAROLINA STREAMS

J rO OJOJ   OJ

ro, CM  sQ
so lA-d -^

CO ro, CM   O   
OJ oj  

C^ ON 
OJ OJ

O CO OO <M ON CO O sO IA IA O O" OOO ro C"-

  O ro,
\o o O^
ro,-r OJ

OO sO C^OOtM UMTNO O 
CVJOJ OJ OlTN   OJ LTNsOO -J"-

  C^OJ CO

c-1 \o  
LTNro, ODOJ
O^  ^f^_d \ot-- \c^oc

  s-
LT\ rt)rOvGL?\ O^-d'^f^ CO\O U>roi^ -3" OJ
O^ COCOLT^O^ \OCOO COCO CDCOCO   CO

roo ro  

  CO CO    C^-d" 
OJOJ OOJ O O  

oj oj 
  oj

so co   J- co "

OJ  OJ       OJ   OJ

C\J C\J -31 r^CVJ r^ C\J CVJ   ro C\Jf OJ -d OJ OJOJ OJOJ

O eg 

OJ OJ

  OJroco     O 
LT\ C"-oj ro O^Oro

  m 
so oj

  co   c-coc^oj OJCD IAOJ oj 0*00*

<M CM -Cf '-Cf -Cf sD O   O   CM

-d;   \ovo t^- To ._   

O CO 

J^O

W*
' %$Z*

O^ sDr
  oj

roOJ -3' fO LA C^-ro COCO
co o -dco   -d

<M <M -cf KNCVJ K\ <M <M   KN <MCM OJOJ OJOJ OJ

O\KN 
  <U

r  
-d   fA 
fo, 

ro_rt- 
-d ro

CM CO J O

3£ s^p ^* o t^sp 
  OJ ON

.- .- (0    4-

cc cc <u   - o: ro

0) 0) L L 0> 0)m (/> d) a* w >m w > > i/>
c c o: cc c
c c c <D
I z f    en  t  c 5^

(0 Z ID C (D O (D

  4-   L. (D L (D   "D ID

L L. O O 1DX SX  -oaja:inx  *-
-^> C i (&  O 
O  L -C l-O >C/) E

-

QJ Qj

_

J£ 0) ID 0)
Q)-*CClL (U L    JC Q) Q) 
OJOJC O > OCT CCdJ  >
L QJ a* ID   dJ n   u L i- c -D cr en az (u L L cr

  CC 
Q!

<D 
> <!)

(D  3 U30O 
Z-l f- (/> 1- (J O

O(D  C

  OJ ro lAsO -
LA LAsOsOsO \O sO sO 
ro rorororo, rororo

sOt^ COO^O   OJ roiA
sOsO sOsOt^ t^- t~- C^C^
roro rororo ro ro ro ro



T
a

b
le

 
7
.-

-D
u
ra

ti
o
n
 

o
f 

d
a

il
y
 

fl
o
w

 
a

t 
s
tr

e
a
m

-g
a
g
in

g
 
s
it
e

s
 

w
h
e
re

 
fl
o
w

 
is

 
a

ff
e

c
te

d
 

b
y 

re
g

u
la

ti
o

n
 

[p
a

ta
 

a
re

 
co

m
pu

te
d 

fr
om

 
in

d
ic

a
te

d
 w

a
te

r 
ye

ar
s 

o
f 

co
n

tin
u

o
u

s 
re

co
rd

 
d
u
ri
n
g
 

th
e 

p
e
ri
o
d
 

flo
w

 w
as

 
a

ff
e

ct
e

d
 b

y 
re

g
u
la

ti
o
n
]

In
d
e
x 

n
u
m

b
e
r 

(p
l.
 

1) 5

26
3

28
0

28
3

30
7

33
1

33
6

35
4

35
7

36
0

2
/«

7

3
7
0

ilk 37
6

G
a
g
in

g
 
s
it
e

R
O

AN
O

KE
 

R
IV

E
R

 
B

A
S

IN

Y
A

D
K

IN
 
- 

PE
E 

D
EE

 
R

IV
E

R
 

B
A

S
IN

C
A

TA
W

B
A

 
- 

S
A

N
TE

E
 

R
IV

E
R

 
B

A
S

IN

B
ro

a
d
 
R

iv
e
r 

n
e
a
r 

C
h

im
n

e
y 

-t
a
c
k
..
..
..
.

TE
N

N
E

S
S

E
E

 
R

IV
E

r!
 

B
A

S
IN

L
it
tl
e
 
K

iv
e

r 
n
e
a
r 

P
e

n
ro

s
e

..
 .
.
.
.
.
.
.
.
.

N
a
n
ta

h
a
la

 
R

iv
e

r 
a
t 

N
a
n
ta

h
a
 l
a
. 
..

..
..

.

T
u

ck
a

se
g

e
e

 
R

iv
e

r 
a
t 

D
i 

1 
Is

b
o

ro
. 
..

..
..

L
it
tl
e
 

T
e

n
n

e
ss

e
e

 
R

iv
e
r 

a
t 

F
o

n
ta

n
a

D
am

n
e
a
r 

H
a

ye
sv

i 
1 
le

H
iw

a
ss

e
e

 
R

iv
e

r 
a
b
o
ve

 
/A

u
rp

h
y.

 .
.
.
.
.
.
.
.

P
e
r 
i o

d 
(w

a
te

r 
y
e
a
rs

)

IQ
X

Q
-C

A

19
43

-5
6

19
29

-5
6

19
36

-5
5

19
28

-5
6

19
43

-5
5

IQ
3
3
-5

A
19

33
-5

6
19

32
-5

6
19

43
-5

6

19
42

-5
6

19
42

-5
6

I9
46

-5
U

19
43

-5
6

19
43

-5
6

F
lo

w
, 

in
 
c
u
b
ic

 
fe

e
t 

p
e
r 

s
e

c
o

n
d

, 
w

h
ic

h
 

w
as

 
e
q
u
a
le

d
 
o
r 

e
xc

e
e
d
e
d
 
fo

r 
in

d
ic

a
te

d
 

p
e

rc
e

n
t 

o
f 

ti
m

e

0
.5 96

0

94
0

2,
35

0

43
5

i,
5

io

3,
4o

o

i4
,o

oo

3,
8o

o

2 54
o

58
0

51
0

99
0

2
, 

10
0

10
,7

00

2
,6

0
0

10

27
5

3,
82

0
33

5

2
6

0
C

Q
fl

1
,2

0
0

n
3

75
0

1
,2

7
0

5,
55

0

1,
68

0

30

19
5

4
,8

8
0

7,
30

0

17
5

4U
o

15
7

32
5

68
0

61
6

43
0

a4
o

4,
4o

o

63
5

1.
07

0

50 I5
U

i4
3

33
0

I 
17

21
5

46
5 4
i.
5

5
0

8

33
2

6
2

0

3
,7

5
0

23
5

73
5

70

2,
97

0 81 83 31
5 2
6

35
0

24
1

47
0

2
,8

8
0 5.

2

40
5

80

3,
16

0 69 65
.5

25
U 20

.5
21

3

39
5

71
0

2,
45

0 3.
1

25
0

90 Q
Q

75
0

O
C

A 7.
1

71 4U
.6

80 19
3 15

.3
9

3
.0

13
0

30
5

57
0

1,
88

0

16
1

95 73 64
.5

17
0 4
.2

56 26
.5

67 10
.5

55
.5

p
c

2
5
0

1
,2

8
0 1

.7

12
2

9
8

6
2 34

.5

i4
6 2

.5
45 6.

8
56 13

5 6.
5

39
.5

36
.5

2
0
0

z
o
o

71
0 i.

4

10
0

99 56 27
.5

32
5

13
6 2
.0

4
i 2
.5

50 12
1 3

.0
32

.5

25
.5

17
2

33
2

18
5 90

9
9

.5

52 22
.3

12
7 1.

5
38

1.
5

44
.5

11
5 1.

9
27

.3

18 14
7 50 83

99
.8 17
.4 1.
 1

35

1.
 1

39 10
9 .9

22
.0

12
6

44 74

99
.9 14
.7

17
0 1

.0 .8
3
5
.5

10
5 .5

20
.6

11
9

4o 67

0
0
 

C
O



T
ab

le
 

8 
. 
M

a
g
n
it

u
d
e
 

an
d
 

fr
e
q

u
e
n

c
y

 
o
f 

a
n

n
u

a
l 

lo
w

 
fl

o
w

 
a
t 

st
re

a
m

-g
a
g

in
g

 
s
it

e
s

[A
n
n
u
a
l 

m
in

im
u
m

 
fl
o
.v

s
 
fo

r 
in

d
ic

a
te

d
 

re
c
u
rr

e
n
c
e
 

in
te

rv
a

ls
 

a
n
d
 

in
d

ic
a

te
d

 
p

e
ri
o

d
s
 
o

f 
c
o

n
s
e

c
u

ti
v
e

 
d

a
ys

 
a
re

 
a
d
ju

s
te

d
 

to
 
p

e
ri
o

d
 
A

p
ri
l 

18
97

 
to

 
M

a
rc

h
 

19
55

 
o

n
 
b
a
s
is

 
o

f 
lo

n
g

-t
e

rm
s
tr

c
a
"<

fl
o
w

 
re

c
o

rd
s
. 

S
ym

bo
l 

N
, 

a
ft
e
r 

s
it
e

 
n
a
n
e
, 

in
d

ic
a

te
s
 

th
a
t 

a
lt
h

o
u

g
h

 
fl
o
w

 
is

 
a

ff
e

c
te

d
 

b
y 

re
g

u
la

ti
o

n
 

o
r 

d
iv

e
rs

io
n
, 

fr
e
q
u
e
n
c
y
 

d
a
te

 
sh

ow
n 

re
p

re
s
e

n
t 

n
a
tu

ra
l 

fl
o
w

.
S

ym
b
o
l 

R 
in

d
ic

a
te

s
 

th
a

t 
m

in
im

u
m

 
d

a
il
y
 

d
is

c
h

a
rg

e
 

o
f 

re
c
o
rd

 
is

 
a

ff
e

c
te

d
 

by
 
re

g
u

la
ti
o

n
, 

d
iv

e
rs

io
n
, 

o
r 

o
th

e
r 

u
n
n
a
tu

re
l 

e
v
e
n
ts

]

In
de

x 
nu
mb
er
 

(p
i.
 

1 
)

3 4 5 6

Ga
gi
ng
 s

it
e

CH
OW

AN
 
RI
VE
R 

BA
SI

N

RO
AN

OK
E 

RI
VE

rt
 
BA

SI
N

Dr
ai
na
ge
 

ar
ea

 
(s
qu
ar
e 

mi
le
s)

6U
.3

71
.4

\2
k

1 
10

Mi
ni

mu
m 

da
i 
ly
 

di
sc

ha
rg

e 
of

 
re

co
rd

 
(c

fs
)

0.

R
20 R3
0

(c
on
se
cu
­ 

ti
ve

 
da

ys
) 7 30 60 90 12
0

18
3

21
k 7 30 60 90 12
0

18
3

27
4 7 30 60 90 12
0

18
3

27
4 7 30 60 90 12
0

18
3

27
'v

pe
r 

sq
ua

re
 
m I

2

0.
00
5

.0
19

.0
50

.0
74

.1
31
*

.2
1+
9

.4
35

.6
10

.7
45

.8
60

.9
70

1.
08

1.
27

1.
51
;

.5
89

.7
10

.8
06

.9
05

.9
92

1.
15

1.
39 .1
99

.2
^8

.3
33

.3
39

.4
52

.5
67

.
7
7
Q

5

0.
00
05

.0
01

.0
04

.0
08

.03
1

.0
81

;
.1

87

.U
25

.5
15

.5
90

.6
70

.7
45

.9
10

1.
13 .4
11

.5
00

.5
73

.6
1*
5

.7
10

.8
47

1.
03 .1
15

.1
56

.1
96

.2
30

.5
71

.3
71

.K
T5

fl
ow

, 
in

 
eu
bl
c 

fe
et

 
pe

r 
se

co
nd

 
le
, 

fo
r 

in
di
ca
te
d 

re
cu

rr
en

ce
 

nt
er

va
ls

, 
In

 
ye
ar
s

10

0 0
.0
01

.0
02

.0
06

.0
39

.1
03

.3
1*
8

.1
*1

7
.1
*8
0

.5
30

..
60

0
.7
35

.9
50

.3
31

.4
03

.4
68

.5
16

.5
81

.7
02

.8
79

.0
81

;
.1

 1
2

.1
40

.1
68

.2
02

.2
87

.3
89

2
0

0 0 0
.0
00
6

.0
02

.0
1 

1
.0
51
;

.2
93

.3
1*

8
.3

9U
.4

40
.4

95
.6

20
.8

10

.2
69

.3
31

.3
79

.4
27

.4
84

.5
97

.7
66

.0
62

.0
81
;

.1
04

.1
25

.1
53

.2
24

.3
12

Uo

0 0 0 0
.0

00
7

.0
03

.0
23 .2
46

.2
9U

.3
33

.3
70

.4
25

.5
30

.7
10

.2
19

.2
70

.3
15

.3
55

.4
11

.
3
1
6

.6
77

.0
47

.0
61
;

.0
81

.0
97

.1
 1
8

.1
78

.2
52

60

0 0 0 0 0
.0

02
.0
09

.2
25

.2
67

.3
02

.3
33

.3
9U

.4
90

.6
50

.1
95

.2
40

.2
61

.3
15

.3
79

.1
*7

6
.6

29

.0
40

.0
5!
*

.0
68

.0
83

.1
03

.1
56

.2
21



TABULAR DATA 91

  LA LA LA O K"\   O O ON. O IA ro, CVJ LA O-d" ~- O K\ CU NO C  ON CU ON CVJ     N"N LA LA
  OLALAt>- CM -d- O 03 O 03 LA   CvJ ro, IA C-NO CO C-   _3 C-   OS     CUK\-ifNO<M_
  CVI CU roj O O O O     CM O O O O O   CM   CVJ « CU KN ro, LA O O O O O   C

t K\ CO LP» CO UN O
-_j-vO OOJ OsO-       cvi cvj_3-

  O O O LT\ CM   K\ CO O   UNLTx
  O f*NG^ O^ CVI ro ir\ C  O rO O CTv

OJ CO rr\ CO O t  CO vO C  O_d"_rf O O O CVI O OMTN CO CO
  - - -   --  - C\J_d" IT\CO vOCO N^vOO  LT\C\JK\

OOOO   CU       OJOJ rOv-d"

       -
-^COLACOlM LACO   J C-NONO Si LA t  O LA

\l CV1 C\l K\j NO OO       (M ro, OOO    1   W ro   OJ OJ I

OCOO O O O O 
O LA   \O_H-CO _J

O       CVI rr\_:J O O     OJ ro m CVI

vO CO   t  CM 
co -3 ONN>CO r-   

j-zt tTN t 
\a (Moocvjco   r-o
 CVI O-J O OJ t  vO ON
\-3 CVI CVI CVI rO ro_zt LT\

O O O LT* OOO NOOCOsQLfNOO CVI   LTN LT\ O O O _j- K\ rO   E^-OJLTN   OJC^-OOOO C*~-d' ?~--3 P~- t1  LTN
OCO OJ QO CM ^5   ro r  Qs^O K> O^ O t  LfSCMt rof-OfO t  CVI CO ro O O ro tr»   vO vO^OO
f- OD     CM (M K>_zf IT* O   CUWroi^vO ro_j-_j- LTMTNvOCO O     CUCVULA CVJ ro rO-Zt-d" tTN f-

CVI-iKNCU 
_j-L?NNO t C Os   CVJ r S NO C- t-- ON    

OOOLTNOO C-CVIro,ONOO'
CO LTN   t    CO   NO ro   CO O I
<M N-Nj-Ct NO t  KNJ m vC N£ CO I

-OOOO ro-J- f- O O O O ro_J- f- O o o O K\_
rr\NO O"* CVJ co t"- ro^o Q\ cvi co r~- KN^O O\ CVJ co t

    CVI     OJ     (

t- O O O O r_ _ _ __^ t*" O O O O K\-3"
\ \D O^ CVI cb"P- to sO O"* CVI CO t1 

    CVI     CVI

690-432 O 63-



92 CHARACTERISTICS OF NORTH CAROLINA STREAMS

C-   t- CM t- K\
KN.\O co OJ co co

        OJ OJ K>,

-* ON OJ O CD CM _S vO K>, O J- O LT\ O O  JvOOJLTiO O Oso (SroisO o f-r2- -3 so CD QN OJ ^o KN   OJ ro-3 C-- OJ   OJ rr\. i
    OJ OJ K\ K\-* OOOO     CM O O O O O   CM O O

 O C-roCTNCO t  CM CM K\sO OJ_^CT>   J J- K\ O ITMTN t- IT\ CMT\   O CM CO cot   Q K\-3 OJ
OJ LT\CO OJ   CM CO CM tr\ ON «> O   US f- CTv   K\ CO -it   CM J- sO OMTi K\ CM j ̂S ID   t-
      CM « K> J   CV)CV)KlrCi_^Lf\ O O O       CVl O O O O O   CM OOOO    

I    SO t- sO J C  Ov_*K\O KMTNVO O -J- C  UMTi Lf\ Lf\ s£> SO Qv O LfsJ O OJ f-OJ _J O\ Lf\ O
LT\ OS OJ LT\ 0s C~- 00   SO O _j" CO sO C~- C*-O>  rOsOOJOs OJ J'sp CTs OJ O O -3"sO CT>   -3" *~ 0s
    OJ OJ OJ rTN_^ OJ OJ 1^ rTN r^_3" LJ> O O       OJ OJ OOOO   OJrO O O O     OJ OJ

N CO OJ NO tfNOO
«OJOJvOt^OO f-^OOOCOOO
\ OJ UA f- O f- Lf\ j t-   J f- t~ CO
      OJ OJ KN O O       OJ K\

a a
i. I.
a o- 

m
n L.

_it O LT\ O sD U>   
W f<NK>J-_9ir\t--

- 
J_9ir\t-- KM<s3 JLTN^O t~   -tOJOJOJrCiJ O     OJ

OJL^CO   oco
O J CO   LT» rOi- 
      OJ OJ KV

-srori \_rv >
LT\ Lf\ OJ O t- CO CO -3 KN O vO OJ J- OJ O\ Lf\ O
rTN _j" LTNsO sO C^ OS -^ U^sOsOC^COO   OJrOr

-O -3   ̂O K\ t- ̂ O CO

E g,]

1=11 
C O O L O* * .2  --

T3 O

-±3--h ~ e

f- O O O O r t  OOOOro_* 
-OOOro_ 

vOOvOJOO



 >

m 

o

§

3

fo

T

g

& f

S i
<i

ja -j i>5 j

  0 CO CO ^O CN V>l   J CO CO "*O C^ V>*   J CD W vO C^SJJ   J CD W ^O C^VJJ -»3 CD W ^D C^V>l  3 CO fO NO CN V>i 
P-VJJ <5 O O 0 ^3 P-OJ 0 O O O ^3 P-OJ 0 O O O ^3 p-VJJ O O O O ^3 P~OJ O O O O -3 p-^J O O O O -

  j c^vji PJVN v>i ro CD   ] C^^1 p"p"i^>j CD tj^vji p~p"v>i ro vjiv>iro     S^ vjiv>jf\3     QO c^ p"^>t v>i w   -

vn PJV>I r\3 ro ro     j vji P^1^ v>i ro w o^ P"^>J roro   o ro   ooooo v>j     oooo p" ro       o i

P~V>J ro fv>       vji p~v>4 rororo  vji 04 ro     o o   o p o o o o ro   ooooo vw ro     o o <

v>iroro       Q vnv^jroro       .p*"v>4   o o o

vw ro       Q o -p**v>4 fo   _   Q vwroooo 
v>j v>i <js vj-    v& --4 v>i[ov>i^jvjiv>4\s f^~ ro ^o o o

.
roro       oo -Proro       o v>*   o o  
sO O -p"   O CD O O vD   VJI V>4   CD   00 V>4 O  
-~i o> vo vji o ro 10 o ro o vja vn ro vji orovji    

ro vn ro o O.O o o^ -^ --4 -P~ ro

ooooo -4 V>4   o O
vji ro o v* ro

o  
o o o o   
vn ro & ro *

 ooooo p-^i v* ro   o 
ro £^vj! o -P~ oo

ooooo   
\5 f-ro   o  
O-4     -4 J

   
oooo*  

to   o o o o o fo^vo --4 vji -P~ro 
E- o CD ro CD K> ~j

  ooooo
CD   -4 VJI f- ro  
CD CD ro ro o vO CD

vji CD o ro rov>ivji

86vi,va



94 CHARACTERISTICS OF NORTH CAROLINA STREAMS

TO

s.Sr1
« c,
*- «.
0> 3

1 °- 9 
S ?
0> TO «
x- 0) i_

*- O
o a o>~ o >-
S'-5c
0 C  

C *

- feJ2 

OJ**" ~ "c
Q) E   

O Q>
t_ k_
5 3
ID *r

a \-
* CL

t
m s  o o

o> o * 
0. O

Minimum dai ly discharge

o> *
S8§ 
«« S
o ^J

<B

C"5>

S

Index number

o
NO

3

8

o

ir\

CVI

^_^
1"

 o

0^

H5
o

0>

"E

Q-

vO CD t~ 
O O C

O

  J t- 
C~(> t-
o o c

CVI O  
Cf« OJ CC

O PTN t-
cy iri cc
    c
o

O_rf N- 
vO O CT 
  CVI C

o

rAtM c 
tr\ cvi   
cy to. -
o

K>

§
tr

8 i£
CD

c? S

v O ^t \O r<*\ O CT^ 
- CO CO CO ON O O 

O O O O    

o 

o o o o   ̂

vO   J O O IT. 
CO QN Q\ O CVJ xOo o o      

- cvj co   tr\ o o 
So       cy

a

s ON     J ON CO C 
o         cy c

o o J- o IT.O t- 
PTN^O ai-ct cy K\         cy PTNJ a

K\vO ON CVJ coT=- 
    CVJ

S vC 

&

TAR - PAMLICO RIVER BASIN 

She 1 ton Creek near Oxford. ......................................................

s t-
CVJ

CVJOLTi       so 
O   rOs     . ITv

8   ITi  ..««rAC-^

  CVJ ON NO C^           E^Cy CC

:88Sc? : : : : :<$  S

OoOOJC^\O    _rtONCO   
OOOOO       O O   C

MOirMr\coro,o -OKxr^oc^ -Z 
o   <M LT,_d; t^ . K>-J co r^ co o, 
o o o o   oj   o o o   oj a

djco o7   _j- w K>^8  .d-KLR 1^ r-

r^^OONOJODC^ NSvOONOJCPC--- 
    CVI     OJ

QC

^ g

 z.'  

> L
cc * 
i. ~£

u S
01 
C ^£

a 
i. a
> 0

o: w
0

t. .c
(D <Q 
H H

CO CT
cy cy

  O PTN r<N O O

:33S£-

ON r<*\\O   C^ tr\ 

OOOOO  

-S-ONO O CVI   
!   CVJ CVJ IT. O ON 

O O O O    

cy UNC^NO KN o
CVJ PTN j CO NO t- 
O O O O   OJ

CVJ CO CO O O O^ss^^s

CO CO r*~\ O CO O 
  C^ OJ OJ ros   
    OJ rOs-Tt^O

ro ̂ O OCVJ CO C-



30 32 33 31* 35

Ce
da

r 
Cr
ee
k 

ne
ar

 
Lo
ui
sb
ur
g

Cr
oo
ke
d 

Cr
ee

k 
ne

ar
 
Bu

nn

Cy
pr
es
s 

Cr
ee

k 
ne

ar
 
Bu

nn

Ta
r 

tf
iv

er
 
ne

ar
 
Na
sh
vi
ll
e

Sa
po

ny
 
Cr

ee
k 

ne
ar

 
Na

sh

Sa
nd
y 

Cr
ee
k 

ne
ar

 
Al

er
t

1*
7.
8

31 30 61*
. 8

53
.7

Rn

7 30
 

60
 

90 12
0

18
3 

27
1* 7 30 60
 

90 12
0 

18
3

27
1*
 7 30
 

60
 

90
 

12
0 

18
3 

27
1* 7 30
 

60
 

90
 

12
0 

18
3 

27
U 7 30
 

60
 

90
 

12
0 

18
3 

27
1* 7 30
 

60
 

90
 

12
0 

18
3 

27
!*

.2
90

 
.3

50
 

.3
90

 
.1
*7
0 

.5
90

 
.7

20

.1
92

.2
1*
8 

.3
05
 

.3
60

 
.1*

1*5
 

.5
65
 

.7
10

.0
99

.1
52

 
.2

lU
 

.2
68

.3
52

 
.1
*8
0 

.6
1*
5

.2
1*
2

.3
10

 
.3

57
 

.1)
1*9

 
.5

78
 

.7
13

.0
31

.0
68

 
.1
23
 

.1
77

 
.2

78
 

.1
*2
9 

.6
17

.1
67

.2
30

.3
00

 
.3

50
 

.1*
1*5

 
.5

60
 

.7
00

.1
35

.1
80

 
.2

20
 

.2
50

 
.3

15
.1
*1
5 

.5
30

.1
50

.1
86

 
.2

15
.2

70
 

.3
75

 
.5

00

.0
37

.0
61

* 
.0

9k
.1

20
.1

75
.2

82
 

.1
*1
0

.1
27

 
.1

68
 

.2
00

 
.2
71
 

.3
85

 
.5

iU

.0
13

.0
28

.o
l*
3

.09
1

.1
98

 
.3

53

.1 
19
 

.1
60

.1
89

.2
60

 
.3

70
 

.5
00

.1
35

 
.1

65
 

.1
86

 
.2
1*
5 

.3
35

 
.1
*3
5

.1
 1

0 
.1

38
.1

56
 

.2
05

 
.2

90
.1
*0
0

.0
35
 

.0
5!

* 
.0

68

.1
92

 
.3

10

.0
83

!i
3l
* 

.1
97

 
.2

92
 

.1
*0
6

.0
05

.0
10

.0
16

.0
1*
0 

.1
08

.2
30

.0
77

 
.1

05
.1

28
 

.1
88

 
.2
85
 

.1
*0
0

.1
08

 
.1
29

.11
*1*

 
.1

97
 

.2
72

 
.3

65

.0
83

.1
03

.1
20
 

.1
60

 
.2

30
 

.3
20

.0
20
 

.0
31

 
.0

1*
2

.0
73
 

.1
37

.2
27

.0
57

 
.0

76
 

.0
91
 

.1
1*
3

.2
21

* 
.3

28

.0
02

 
.0
01
* 

.0
06

 
.0

18
.0

56
.1

1*
0

.0
33

.0
53
 

.0
72

.0
87 .13
1*

.2
10 .31
5

.0
61
*

.0
85

 
.1
01

.1
15

 
.1

59
.2
23

.3
05

.0
1*
5

.0
61
* 

.0
71
 

.0
9!
*

.1
23

 
.1

87
 

.2
63

.0
1 

1
.0

19
.0

26
.0
1*
7 

.0
9!
* 

.1
68

.0
39

 
.0
53
 

.0
61
*

.1
01
*

.1
71
 

.2
61

.0
01

 
.0

01
 

.0
02

 
.0

08
 

.0
28
 

.0
83

.0
37

 
.0
1*
9 

.0
60

 
.0
97
 

.1
59

 
.2

50

.0
75

.0
89
 

.1
01

 
.1

1*
0 

.2
00

 
.2
79

.05
1*

.0
69

.0
81

 
.!

 1
2

.1
60

 
.2

35 on
)i

.0
08

.o
il
* 

.0
19

 
.0

36
 

.0
73

.1
1*

0

.0
32

 
.o
l*
3 

.0
53

.0
87

,i
l*
6

.2
28

0 
.0
01
 

.0
01

.0
05

.0
18

 
.0

60

.0
30

 
.0

1*
0 

.0
1*

8 
.0

80
.1
31
*

.2
18

Oi



co
 

os

Ta
bl
e 

8 
.
 
M
a
g
n
i
t
u
d
e
 
an

d 
fr

eq
ue

nc
y 

of
 
an
nu
al
 
lo
w 

fl
ow

 
at

 
st
re
am
-p
ag
in
g 

s
i
t
e
s
 
C
o
n
t
i
n
u
e
d

In
de

x 
nu

m
be

r 
(p

l.
 

1 
)

36 37 38 39 ko

G
ag

in
g 

s
it

e

Sw
if

t-
 

C
re

ek
 

n
ea

r 
R

ed
 

O
ak

..
. 
..

..
..

..
..

..
..

..
..

..
..

..
..
..

..
..

..
..

..
..

..
..

..
..

..
..

.

D
ra

in
ag

e 
ar

ea
 

(s
q
u
ar

e 
m

il
es

)

18
0

1*
5 16

52
1

2
, 

li*
0

M
in

im
um

 
da

 I 
ly

 
d
is

ch
ar

g
e 

o
f 

re
co

rd
 

(c
fs

)

10 36

P
er

io
d

s 
(c

o
n

se
cu

­ 
ti

v
e
 

d
ay

s) 7 30 60 90 IS
O

18
3

27
i* 7 30 60 90 12
0

18
3

27
i* 1 30 60 90 12
0

18
3

27
1* 7 30 60 90 12
0

18
3

271
* 7 50 60 90 12
0

18
3

ST
k

L
ow

es
t 

av
er

ag
e 

fl
ow

, 
in

 
cu

b
ic

 
fe

e
t 

p
er

 
se

co
nd

 
p

er
 
sq

u
ar

e 
m

il
e,

 
fo

r 
in

d
ic

at
ed

 
re

cu
rr

en
ce

 
in

te
rv

a
ls

, 
in

 
y
ea

rs

2

0.
20

0
.8

70
.31

*0
.1*

00
.1*

95
.61

*0
.8

30

.1
78

.2
1*

8
.3

35
.1*

00
.5

05
.6

50
.8

50

.2
17

.2
93

.3
90

.1*
35

.51
*1

.6
96

.8
60

.l
i*

8
.2

02
.2

67
.3

11
.3

93
.5

16
.6

62

.ii
*7

.2
08

.2
71

.3
13

.1
*0

2
.5

1+
2

.6
78

5
0
.1

0
8

.l
l*

8
.1

92
.2

25
.2

95
.1

*2
0

.5
65

.0
82

. 
12

2
.1

70
.2

02
.2

8
0

.U
l7

.5
75

.1
 1

2
.1

58
.2

08
.2

1*
3

.3
24

.1
*5

2
.6

12

.0
73

.1
06

.1
1*

2
.1

67
.2

28
.3

26
.1*

5"

.0
69

.1
03

.l
i*

0
.1

70
.2

38
.3

1*
6

.1*
67

10

0
.0

6
8

.1
00 .13
2

.1
58

.2
20

.3
20

.1
*5

0

.ol
*9

.0
78

.1
09 .13

2
.2

0
0

.3
10

 U
55

.0
71

.1
06

.1
1*

2
.1

67
.2

39
.3

55
.1*

88

.d
*5

.0
69

.0
9!

*
.1

13
.1

65
.2

50
.3

55

.0
1*

2
.0

65
.0

92
.1

12
.1

68
.2

57
.3

69

20

0.
0l

*8
.0

72
.0

91
*

.1
 1

2
.1

63
.2

50
.3

60

.0
32

.0
53

.0
72

.0
89

.1
1*

0
.2

28
.3

50

.o
l*

9
.0

75
. 

10
0

.1
19

.1
77

.2
71

.3
95

.0
30

.0
1*

8
.06

1*
.0

78
.M

9
.1

86
.2

80

.0
28

.oi
*i*

.0
61

.0
75

.1
19

.1
9

2
.2

90

1*
0

0.
03

5
.0

52
.0

67
.0

80
.1

22
.1

90
.2

90

.0
22

.0
36

.0
1*

8
.0

60
.0

99
.1

68
.2

75

.0
35

.0
53

.0
70

.0
85

.1
31

.2
06

.3
10

.0
21

.0
31

*
.oi

ji*
.05

!*
.0

8
6

.1
1*

0
.2

21

.0
19

.0
30

.0
1*

2
.0

51
.0

81
*

.1
1*

2
.2

29

60

0.
01

*3
.0

56
.0

66
.1

02
.1

63
.2

60

.0
18

.0
29

.0
39

.0
1*

8
.0

80
.l

l*
0

.2
35

.0
29

.ol
*l*

.0
59

.0
69

.1
09

.1
77

.2
79

.0
18

.0
27

.0
36

.o
U

*
.0

71
.1

19
.1

92

.0
15

.0
25

.03
1*

.0
1*

1
.0

70
.1

2
0

.1
98



TABULAR DATA 97

OJ OJ J" 00 O^ O ^\O ITi t^   OJ t- N> t- 

i   O O OOOOO

-d'-dj'-
  OJ .

§ OOO   OJ ^ 
o o o o o <

 \O Q1^ O^'-O O O OJ LTN^O OJ CO O^OJl 
O O   -Cf   OJ NS-^ t*- OJ CO ^ LT\ L»» u » 

O\ LT\   vO-d'-d' OJ   C"- vO-d" O^KN CO LT\ O vO   K> OJ O
o oj_d-mco3-rc\ o o   fijJd- o 03 o   ~ &J j- c> t-ooooo     oooooo _ o o o o o   oj

,Ct GO N> CO m v
o o     rc\
OOOOO

O^ CO O^ K\ O _  HMf\r-   ̂
O  

OJ \O O K> OJ C  N

  OOO
LTMTVVO^O
OOOO

- - -
OO  OOOO   C\JN> OOO

^CO gs O OJ N> Q
  w j- c^-d'-d;
OOOO  OJ

CU.-rf-.Oa3 N>^t t-   NMrvt^Woooo  ?a K> o o o o  

»   OJ K> IPv O     OJ OJ N"\_d" O O       OJ K>

OOCMNM^vOCM  ^vOCM   Ot^lPvOl
^oo^o r- CM r- CM   -

- o   - CM K>

VCM 00 t  
    CM

t- O O O O rn-d1 t^ O O O O N>-d" t  O O O O r<V^f



CHARACTERISTICS OF NORTH CAROLINA STREAMS
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50. Flat River at
b ro vo--J b V\M o 4r-b--J bo v^j ov   v>j bovji P-voro^j vjiiii.iiii dam, near

Bahama

51. Neuse River
aaf HA*=th« l~da- Ov -q \jj-q ........ '-e»r rof=rnsia8

63. Neuse River
^^.oj.bo^o^v^vp o avpo>^S£p.-j cf.^-vfiyivji.yio5-^' ;;;;;;; near

Clayton

68. Middle Creek 
- oo ro ov- VJ.-J. ...... j ............ near

^o>^£«gvS^ro':3 = px>.5g"i3§:oipio; '-8-J ::::::::: 72- Lmie River
near 

Pr i nee ton

ro   ro   vjj-q ro Jr-.p-.p-    vjj   rovjisjiov.p-ro.p-  ro   .......... 73. Neuse River
O VO   VJirOCQQVJlOQpFOvOvOQO P-   t-VJl 00 -~1 *->J p- 
roOO-JOOOVOvOOO   4^+T"   J \O  3 --J VJ1 tjv p"O CO 00 v>l

vji o>   vji   v>j GO   P- ro-j     o^JOvoovjivovjiv^ivji\o 4r--^i o.... ...... ''  Meuse i ver a
vo P~oo ovvo -j -P^-j -j vji ov o ro vji-g vji vji ow>i v>i CD vo   v^j ooo   ......... Kinston

~o a a a Q a a~a a a 3 9 ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
0_ a.ovjj^o  ^ioio^n>a roro   "»ro 00 _°-     *             80. Contentnea

o oo-oj -vwro- ro -q-_..........  _ _ ^^

son

p-_ .................................. 83. Nahunto Swamp
near Shine

. Contentnea 
vji ro o gvp-oo   o -p-jr-vjivjj ow>i o o ro   ro   -~i vji ro i ..;..... Crpek nt o owji£-ovvo-j rovji-j rovji-j-jvo v>j ro o vjivo ovrovji. ........ >-reeK or

Hookerton

91. Swift Creek >g 

Vanceboro

93. Trent River 
near Trenton

97. New River near 
Branch

ro ro-Jr-jr-ro-wro-ro wrojr-g-ojvjiojrjioj- ro-Ov- ........ l01- Haw River
vji oo ov rooo-j oo oo4?~\o oo ro f~o vji owji oo   .provo co-~i ro vw. ........ near

oob Jr- !!!:i:!I! Benaja

  ro   oj^-ro rovx   ro ro     v>ivji ro Jr-ro ro Jr- i\>vji jr-vw   . . . . . . '02. Horsepen
co -j vji vo v^j vji ro o -P--q -J o vo co -~i v^j   ro --a ov o v>irororooo^   * *     t-reek at

ooroo.-o.vo. ::;::::: near
GibsonviIle

. South Buffalo

  vj" ro b vji ov b O3 ro bo ro v>iro O3-J p-vo CTVVJI v>j ovro   bo vjji ........ _ree near
Greensboro

oo^vovo-roo-o-j^ooorooSo-vooo-j^-JOvvo. ........ lo6' North Buffalo
" near 

Greensboro

107. Stony Creek
near 

Burlington

821vxva avinevi/
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Ivy.._________  .         73 
Johns... -.     -      . 69
Linvffle... .....................  - 69
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